Supplementary Figure 1 Positively selected amino acid sites of LWS mapping on the secondary structure of bovine rhodopsin. The secondary structure is based on previous studies 31, 46 , and the 11-cis-retinal is shown in orange and seven transmembrane domains of rhodopsin are shown in grey rectangles. Only positively selected amino acid sites with a high posterior probability (>0.95) along different branches are shown in different colors. Mammals(red), reptiles(green), amniotes(yellow), snake(Thamnophis sirtalis)(blue), turtle(Chrysemys picta)(dark grey), crocodile(Alligator mississippiensis)(black) and bird(Gallus gallus)(violet).
Supplementary Figure 2 The amino acids replacements of LWS along the branches of interest (green).
The critical amino acid replacement (S159A) decreasing the λmax of LWS by 7nm along the ancestral mammalian branch is shown in red. The phylogenetic relationships among species follow previous studies [18] [19] [20] [21] [22] [23] . The ancestral amino acid sequences of the internal nodes were reconstructed based on the empirical Bayes approach using the JTT model of the amino acid substitution.
Supplementary Figure 3 The amino acids replacement of RH1 along the common ancestor branch of Theria. The critical amino acid replacement (N83D) increasing the λmax of RH1 by 2nm along the ancestral therian branch is shown in green. The phylogenetic relationships among species follow previous studies [18] [19] [20] [21] [22] [23] . The ancestral amino acid sequences of the internal nodes were reconstructed based on the empirical Bayes approach using the JTT model of the amino acid substitution. 
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